Summary. Artificial cryptorchidism is known to result in sterility in male rabbits within 6 to 8 days. When oestrous females were artificially inseminated per vaginam with constant numbers of ejaculated spermatozoa collected from groups of males before, and 2, 5 and 8 days after the induction of cryptorchidism, the numbers of spermatozoa recovered from the oviducts at about the time of ovulation remained normal up to 5 days. There were highly significant correlations (P<0\m=.\001) between the numbers oflive spermatozoa inseminated and the numbers recovered from the female tracts. The survival of spermatozoa was studied by insemination of constant numbers into the uterine horns of females at various times in relation to ovulation. Control ejaculated spermatozoa proved most efficient at contacting and fertilizing ova when insemination was at the`normal' time, 10 to 12 hr before ovulation: spermatozoa from the same males 4 days after the artificial induction of cryptorchidism were of lower fertilizing ability, but did not appear to suffer from any reduced capacity for survival in the female. The onset of infertility following the induction of cryptorchidism thus does not appear to be caused by a failure of spermatozoa to be transported to the site of fertilization, nor by a failure to survive to contact ova. The significance of these findings is discussed in relation to the retention of the cytoplasmic droplet.
INTRODUCTION
In the normal rabbit, spermatozoa stored in the cauda epididymidis can remain fertile for 28 to 49 days (Hammond & Asdell, 1926;  Igboeli, 1968; Tesh & Glover, 1969) . Subjecting the testicle to the temperature of the abdominal cavity by means of artificial cryptorchidism results in aspermatogenesis and in rapid degeneration of spermatozoa within the epididymis (Glover, 1958 (Glover, , 1962 , so that the animals are infertile within 6 to 8 days (Knaus, 1932; Igboeli & Foote, 1967 , 1969 Cummins & Glover, 1970) . Asdell & Salisbury (1941) suggested that infertility in this case results from a failure of sperm transport in the female tract, but Cummins & Glover (1970) found that the onset of 470 J. M. Cummins fertilization failure preceded any significant sperm death or loss of motility in ejaculated semen samples.
The present paper describes studies on the transport and survival of spermato¬ zoa ejaculated during the critical period of loss of function following artificial cryptorchidism. The studies were carried out in an attempt to elucidate the cause of the resultant infertility.
MATERIALS AND METHODS
Mature New Zealand White rabbits were used throughout. The techniques of inducing artificial cryptorchidism, and of the collection and evaluation of semen, have been described elsewhere (Cummins & Glover, 1970) . Females were given intravenous injections of 25 i.u. HCG (Pregnyl, Organon Labora¬ tories) 19 to 21 days before they were used in an experiment; this treatment induced ovulation and ensured that they were in a state of post-pseudopregnant oestrus at the time they were inseminated (Adams, 1960) .
Sperm transport
Semen samples were collected with the aid of an artificial vagina from five groups of four sexually experienced males before (controls) and on the 2nd, 5th and 8th days after the bucks in each group had been made artificially crypt¬ orchid. Samples within each group were pooled and evaluated and the concen¬ tration of the spermatozoa was adjusted to 100 106/ml with Ringer solution (Mann, 1964) . Oestrous females were inseminated per vaginam with 1-ml aliquots of the sperm suspensions, using a glass pipette (Adams, 1961) , and immediately afterwards were injected with 25 i.u. HCG. Does were killed 11 to 13 hr later, at approximately the normal time of ovulation (Harper, 1961) , by means of an overdose of sodium pentobarbitone (Nembutal, Abbott Laboratories). The abdominal cavity was opened, and proximally placed artery clamps were immediately applied to the oviducts near the uterotubal junctions, to the uterine horns close to their bifurcation, and to the vagina near the opening of the urethra. Each region of the tract thus isolated was carefully dissected out and flushed with 2 or 3 ml of a 0-5% aqueous solution of Teepol detergent; this flushing was repeated several times in order to equilibrate the concentration of any spermatozoa that may have been recovered. Care was taken to prevent cross-contamination of flushings from different regions of the reproductive tract. The concentration of spermatozoa was either estimated directly using an haemocytometer or, if it was low, the total amount was examined under a vaseline-supported cover-slip of known dimensions after the volume of the flushing had been reduced by evaporation at 50°C (Morton, 1969) . Statistical analysis of the data was carried out using a logarithmic correction. For simple comparison between groups, a two-sample ranking test (Mann-Whitney U-test; Goldstein, 1964) As wide a time range as possible was studied for each semen sample, and at least two females were inseminated for each ovulation timing. The number of animals that could be inseminated was limited both by the number of spermato¬ zoa available and by time, for a maximum duration of 2 hr from ejaculation to 472 J. M. Cummins the completion of insemination was arbitrarily chosen in an attempt to reduce any possible effects from the deterioration of the spermatozoa in vitro. The order in which females in different timing groups were inseminated was randomized in advance, assuming that a period of 10 min would be taken for each operation. In this way, females that required injections of HCG before insemination could be treated with an error in timing of only about 5 min. The sperm suspensions were kept at room temperature throughout and were regularly mixed and checked for motility.
The females were killed 48 hr after HCG injection and the ova were flushed from the oviducts with physiological saline and mounted on glass slides under vaseline-supported cover-slips. They were examined under phase contrast microscopy; regular cleavage was taken to be the index of fertilization and this was confirmed by staining the nuclei of the blastomeres with aceto-carmine (Darlington & La Cour, 1962) after fixing the ova in 1:3 acetic alcohol (Chang, 1952) . Statistical analysis of the cleavage data was carried out using 2 and Mann-Whitney tests (Goldstein, 1964) , and the numbers of spermatozoa found in and around ova were also analysed.
RESULTS

Sperm transport
Two criteria of sperm transport are considered here; namely, the total num¬ ber of spermatozoa that penetrate the reproductive system from the vagina, and the numbers that penetrate the oviducts. The results are presented in Table 1 , Tables 2 and 3 , and data on the semen quality are given in Table 4 . The results for semen collected on the 2nd and 5th days after artificial cryptorchidism are based on a single male and are included here in order to illustrate the extreme rapidity with which fertility may be lost. Tables 2 and 3 are compared, it is apparent that the fertilization rate in any particular group of females was closely related to the number of spermato¬ zoa that were able to penetrate the zona pellucida before the deposition of the mucin layer around the ovum. Analysis was further complicated by the observa¬ tion that females with some degree of fertilization failure tended to have fewer spermatozoa in their ova than did females in which all the ova were fertilized, and this occurred even when the animals were inseminated with portions of the same sperm suspension and at the same time in relation to HCG injection. Within any particular animal, the distribution of sperm numbers between ova was not normal but rather approximated to the negative binomial curve which was proposed by Braden, Austin & David (1954) as a model of the number of spermatozoa found within rat ova. In analysis, the use of a square root trans¬ formation of the data was found to give fairly constant variance : mean ratios. DISCUSSION Asdell & Salisbury (1941) claimed that the sterility which follows artificial induction of cryptorchidism in the rabbit is associated with a failure of sperm transport in the female and particularly with an inability on the part of spermatozoa to enter the oviducts. In studying the problem, they made use of male rabbits which had been cryptorchid for 10 days, and which must have long been sterile. The present study has shown that, even after 5 days of artificial cryptorchidism, spermatozoa are able to enter the oviducts in normal numbers despite the fact that by this time the fertility of male rabbits is less than 10% of normal (Cummins & Glover, 1970 (Chang, 1955; Dziuk, 1965; Miller, Roche & Dziuk, 1969; Brackett, 1970; Harper, 1970) .
The precise cause of infertility following artificial induction of cryptorchidism remains unclear. The onset of the inability of spermatozoa to fertilize does not appear to be caused by a failure to reach the site of fertilization, and when fertilization occurs, it is normal and the subsequent development of the zygote is unimpaired (Cummins & Glover, 1970) . Presumably, spermatozoa which have been thermally inactivated are in some way incapable of effecting co-ordinated contact with, and penetration of, ova but how this can be so is not readily apparent. This inactivation of apparently normal cells may be related to the phenomenon of droplet-retention, which is the earliest detectable morphological indication of a change in semen potency (Cummins & Glover, 1970) .
The cytoplasmic droplet is an enigmatic structure; its migration along the midpiece of the mammalian spermatozoon is well documented as an accompani¬ ment to sperm maturation in the proximal regions of the epididymis, and both droplet migration and dehiscence in bull spermatozoa appear to take place by a process akin to micropinocytosis (Dickey, Saacke & Almquist, 1965) . The cytoplasmic droplet has been regarded as little more than a functionless remnant of the spermatid cytoplasm (Fawcett & Ito, 1965) , and the fact that it is lost at ejaculation precludes any possibility that it plays a part in the subsequent function of the gamete. The droplet is known, however, to be a rich source of lysosomal enzymes (Dott & Dingle, 1968; Harrison & White, 1968) , and has also been suggested as a major site of the synthesis of inositol from glucose in epididymal spermatozoa 
